Abstract. The cause of the significant decline in China's energy intensity has been investigated by a number of decomposition studies, but most of them ignore the contribution of China's market-oriented economic reforms and the complicated difference among the provinces in China. This paper chose one city which is Beijing (the capital of China) to study the cause of the decline in energy intensity and carried out a decomposition analysis on a consistent set of data at three levels of 24 industrial departments: among the structural change, the technological change and the capital-efficiency which is the contribution of China's market-oriented economic reforms. From 2000 to 2010, Beijing experienced a decline in energy intensity of industry. Most previous studies attribute the decline to general technological effect or the role of structural. In this paper, we separate the capital-efficiency effect from the general technological effect, discuss the effect of the behavior of the government, and apply input-output techniques-structural decomposition analysis (SDA) to decompose overall energy intensity into three parts: technology, structure and capital-efficiency. We find that: (1) the contribution of market-oriented reform in China could decrease the energy intensity; (2)technological change plays the dominant role; (3) the effect of structure change is not consistent; (4) the behavior of the government is very important.
Introduction
Since the start of economic reform in 1979, China's demand for energy has surged to fuel both its growing industrial and commercial sectors and the rapid rise in households' living standards (Crompton and Wu, 2005) . China consumed 1.39 billion tones of oil equivalent primary energy and accounted for 13.6% of the world total primary energy consumption in 2004 (BP, 2005) .
But, by 2000, the commercial energy intensity (energy/GDP) had decreased by 65% compared to 1980. Energy intensity declined in every year up till 2000 except for 1989, and since 2000 the decline in energy intensity slowed and energy intensity actually increased in 2003. ( Ma and Stem, 2008) From 2013 to 2015, the industrial energy intensity has been decreasing. For example, in 2013, the value of the industrial energy intensity is 0.616, while in the following years the values are 0.569, 0.486.
The cause of the significant decline in energy intensity has been investigated by a number of decomposition studies (Huang, 1993 Wu, 2010; Li, 2010) . While most studies find that most important factors is technological change, there is disagreement on the role of structural change-a shift in the mix of industries. Many found that structural change has played a minor role in reducing energy intensity. However, Garbaccio et al(1999) Wu and Cheng (2006) and Wu (2010) argued that the decrease of energy intensity is mainly due to the improved energy efficiency of industries as a whole and compared to efficiency, industry structure has much less influence on the energy intensity. Li(2010) argued that because of Chinese country condition, the effect that the industrial structure has brought into the energy consumption is not weak gradually, but appears not yet obviously. Zhang et al (2007) and Zhou and Li (2006) argued that the analyzing result about the factors influencing energy intensity in different phase is different. Fan et al. (2007) discussed the contribution of China's market-oriented economic reforms to changes in energy intensity. With the exception of energy intensity, the carbon intensity changes resulting from fossil fuel consumption can also be decomposed into sectoral effects and efficiency effects. Ma and Stern (2008) used LMDI techniques to decompose changes in energy intensity in the period 1980-2003.According to the data of output and energy consumption of six industrials in 30 provinces from 2002 to 2012, Zhang and Yu(2015) designed the measure index of regional industrial structure evolution based on Moore value, and analyzed the impact of industrial structure evolution on energy intensity using dynamic panel GMM method. Research shows that the industrial structure evolution does significantly play a promoting effect of reducing energy intensity. Hang song etal(2016) computes and analyzes the sources of the changes of energy intensity in China during the period 2001-2013 by using the decomposition method.
The above arguments about the causes of the significant decline in China's energy intensity all ignore the contribution of China's market-oriented economic reforms except for Fan et al. (2007) who did not use the method of the decomposition analysis. In this paper, we carry out a decomposition analysis on a consistent set of data at three levels of 24 industrial departments: among the structural change, the technological change and the capital-efficiency. The structural change and the technological change have been discussed by many scholars. In this paper we use its sector's energy consumption per compensation of capital to describe the technological change instead of energy consumption per unit of ith sector's GDP. The capital-efficiency is a new factor used to investigate the cause of the significant decline in energy intensity. For example, when the production demand decreases, the output of the manufacture industry would be small, and the compensation of employees would be reduced, but the capital could not be down at once because most of the manufactories are state-owned. So there would be some energy consumption on the capital-efficiency. As we know, China's market-oriented economic reform is to improve the market strength. In other words, the capital-efficiency is a factor which is the contribution of China's market-oriented economic reforms.
The paper is organized as follows. Section 2 introduces the method used to decompose the energy intensities. Section 3 explains where the data is got. Section 4 discusses the results. Section 5 summers this paper.
Methods
There are two broad categories of decomposition techniques (Hoekstra and Van der Bergh, 2003): input-output techniques-structural decomposition analysis (SDA) and disaggregation techniques-index decomposition analysis (IDA). The SDA approach is based on input-output coefficients and final demands from input-output table while IDA framework uses aggregate input and output data that are typically at a high level of aggregation than input-output tables.
There are a variety of different indexing methods that can used in IDA. Ang (2004) provides a useful summary of the various methods and their advantages and disadvantages. Some of these have been applied in analyses of China's energy intensity. Huang(1993) use multiplicative arithmetic mean Divisia indices to decompose energy intensity in Chinese secondary industry and the six sectors into which he divided in the period 1980-1988 into the effects of structural change and improvements in energy intensity. Sinton and Levine(1994) used a Laspeyres index to determine the relative roles of structural change and technological effect in China's industrial sector between 1980 and 1990 with three different sets of data and found similar results to Huang (1993) . While the previous studies use IDA approaches, Lin and Polenske (1995) used SDA to study China's energy use between 1981 and 1987. The economy was disaggregated into seven sectors: agriculture, energy, heavy industry, light industry, construction, and transport and services. Garbaccio et al (1999) also applied SDA to study the decline intensity between 1987 and 1992, disaggregating the economy into 29 sectors.
There are two advantages of SDA. One advantage of SDA is that the input-output model includes indirect demand effects-demand for inputs from supplying sectors that can be attributed to the downstream sector's demand-so that SDA can differentiate between direct and indirect energy demands. SDA has another advantage of being able to distinguish between a range of technological effects and structural effects that are not possible in IDA model. Therefore we have adopted this method.
Suppose that there are N sectors in Beijing's industry, E(t) is the overall energy intensity in year t, e i (t) is the energy intensity of the ith sector in year t, C i (t) is the capital-efficiency of the its sector in year t, and p i (t) is the proportion of the its sector's added value (Gi) to the overall added value (G) in year t. The overall energy intensity can be written as following:
Where ES is the overall industrial energy consumption in Beijing and can be written as following:
Where ESi is the its sector's energy consumption, can be written as following:
where the energy intensity of the its sector, e i = ESi/CGi, and C i = G i /CGi. CGi is the compensation of capital in its sector.
Substituting (3) and (2) into (1), yields
The change of overall energy intensity can be written as following: Where the first part is caused by technology, the second part is caused by structure, and the last one is caused by the capital-efficiency.
Data
We compiled data from various issues of the Beijing Statistical Yearbook (BSY) and Beijing Energy Statistical Yearbook (BESY). The energy data and GDP data are in grams of standard coal equivalent (GSCE) and RMB yuan respectively. The whole economy is divided into 24 sectors.
The different sector also has different energy consumption in different period (Fig.1) . For example, the energy consumption of oil processing and coking and nuclear fuel processing sector, whose code number is 10, is 6.892 million tons of standard coal in 2007, while energy consumption of metal smelting and rolling processing sector, whose code number is 13, is 6.84 million tons standard coal in 2007. But the energy consumption of No.10 reduced to 5.8498 million tons standard coal in 2010, while the energy consumption of NO.13 plunged for 373100 tons of standard coal in 2010.
Results and Comparison
In this section, we apply the proposed model (Eq.4) to the two sets of Data and explore the contributions of the various effects to the changes in Beijing's industrial energy intensity.
We first conduct the complete decomposition over the period from 2000 to 2010. Table 1 and  table 2 shows the decomposition results. Most of the time, the change in technology (Δe) and capital-efficiency (-ΔC) could decrease the energy intensity as we expected. The accumulated (period-wise) effect is an decrease of 2.845 GSCE/constant RMB, which accounts for 140.6% of the total intensity change (ΔE) in absolute value. The structural effect (Δp) sometimes decreases the energy intensity while it sometimes increases the energy intensity. The accumulated structural effect at the sectors decreases energy intensity, accounting for 5.9% of the accumulated total energy intensity decrease. Most of the contribution occurred over the period of [2005] [2006] [2007] . The accumulated effect of capital-efficiency is an decrease of 0.94 GSCE/constant RMB, which accounts for 46.46% of the total intensity change (ΔE) in absolute value. The residual values are all very small and could be cut down. Our results also show that technological change plays the dominant role in decreasing energy intensity, which is consistent with the conclusions of previous empirical studies. It is noteworthy that the effect of technology increases energy intensity over the period of 2005-2007 because of the behaviors of the government. For example, China's government launched a vigorous program to reverse the trend of rising national energy intensity and Beijing's government reduced productions of 9 sectors, most of which are high-energy-consumption (table 3) . When the enterprises did not get constant returns to scale in its energy consumption, the effect of technology would increase energy intensity. So the excessive behavior of the government would reverse the effect of technology.
Our results also show that structural effects explained a relatively larger share of the total changes in the period of 2000-2002 and the period of 2005-2007, but the accumulated structural effect at the sectors accounted for 5.9% of the accumulated total energy intensity decrease, which is consistent with the conclusions of previous empirical studies.
But the main cause of the structure shift at sectors is the behaviors of the government. For example, in the period of 2005-2007, there are 9 sectors whose productions were forced to be reduced so that the sky of Beijing would be cleaner in 2008 than ever. These 9 sectors are: coal mining and washing sector, metal ore mining sector, non metallic minerals and mining of other ores sector, petroleum processing sector, metal smelting and rolling processing sector, metal products sector, manufacture of artwork and other manufacturing sector, waste scrap sector, and water production and supply sector. Metal smelting and rolling processing sector is the most energy consumption sector which consumes energy of 667. (1) Data Source: BSYl BESY, authors' calculation; GSCE/RMB (constant prices) (2) T-GDP is the total industrial GDP and 9-GDP is the sum of 9 sectors' GDP (3) T-EC is the total industrial energy consumption and 9-EC is the sum of 9 sectors' energy consumption.
Our results show that capital-efficiency plays important role in decreasing energy intensity, which is not investigated by the previous empirical studies. From Eq.4, capital-efficiency is equal to -ΔC*C(t)*C(0), so its effect is in the opposite direction of ΔC. China's market-oriented economic reform is to improve the market strength. In other words, capital would play more important role in China than before, so the capital-efficiency is a factor which is the contribution of China's market-oriented economic reforms. It is noteworthy that the effect of capital-efficiency increases energy intensity over the period of 2007-2010 because of Beijing Olympic Games' buildings. The investment in Beijing Olympic Games' buildings is huge and asset belongs to the Government. So the capital-efficiency is decreasing over this period. Our results argue that the effects of the contribution of market-oriented reform could decrease the energy intensity. Over the entire period of 2000-2007, the effects of capital-efficiency decrease the energy intensity. But over the period of 2007-2010, the effects of capital-efficiency increase the energy intensity.
Conclusions
Our results also argue that the behavior of the government in Beijing is very important. The structural effects could decrease the energy intensity over the period of 2005-2007 by the behavior of the government which reduced the productions of 9 sectors, while the effect of technological change increases the energy intensity over the same period. It is the effect of behavior of the government that changes the capital-efficiency by plan-oriented Beijing Olympic Games' building.
